Human-computer interaction system is the medium for human and computer. The rationality and intelligence of its design directly affect the work efficiency and execution ability of relevant practitioners. Traditional human-computer interaction evaluation usually adopts expert evaluation method. This method is difficult to evaluate objectively because of people's subjective cognitive differences. Therefore, this paper proposes an intelligent evaluation method for complex human-computer interaction system based on BP neural network model. First, the known evaluation indicators are classified and organized, and five key evaluation indicators are optimized according to importance and relevance. Then the index is quantified into the evaluation function according to the fuzzy analytic hierarchy process. Finally, the data obtained by the simulation test is used as the training set and test set of the BP neural network, and then the evaluation model of the humancomputer interaction system is obtained.
Introduction
In the general field, the human-computer interaction system refers to a narrow human-machine interface, a medium for information transmission between a person and a computer, and a comprehensive operating environment provided by a computer system to a user. Some specialpurpose large-scale equipment (hereinafter collectively referred to as special vehicles) such as rescue vehicles, military vehicles, and aircraft-based human-computer interaction system often has higher system complexity. Therefore, whether the human-computer interaction system is designed to be intelligent and reasonable directly affects the information level of the special vehicle, system performance, and efficiency of executing tasks. Human-computer interaction system evaluation is an important step in the design of human-computer interaction system. The rationality of the evaluation method plays a decisive role in the optimization and iterative efficiency and effect of humancomputer interaction system.
At present, the evaluation methods for human-computer interaction systems for special vehicles are mainly qualitative analysis from the perspectives of ergonomics and ergonomics. Karikawa [1] et al. built a pilot cognitive simulation system to qualitatively evaluate the information content of the aircraft cockpit man-machine interface design through the pilot's cognitive process. Yu [2] et al. combined the characteristics of the human-machine interface with complex equipment and humanmachine-environment system theory, and proposed the design principle of human-machine interface for complex equipment as human nature, safety, efficiency, economy, comfort and overall. Wang [3] et al. proposed a combination of eye movement experimental data and quantitative research to evaluate and optimize the information interface of fighters. Liu [4] et al. judged whether the display layout and display mode of the aircraft cockpit conformed to the visual ergonomic design principle by establishing a visual information flow ergonomic comprehensive evaluation system.
Although these methods can provide systematic evaluation indicators and quantitative scores, it is difficult to objectively evaluate the human-computer interaction system design with subjective cognitive differences. At the same time, the method of qualitative analysis lacks sufficient data, and it is difficult to optimize and continuously improve multiple programs. In response to this situation, this paper studies the intelligent evaluation method of human-computer interaction system based on BP neural network evaluation model. The BP neural network model has self-learning, adaptive and nonlinear processing capabilities. At present, the research on systematic evaluation using BP neural network model is mature. Kang et al. [5] proposed a Wi-Fi security evaluation model based on BP neural network. Ma et al. [6] used the BP neural network to study the design principles of the evaluation system and the design method of the model. Zhao et al. [7] proposed a BP neural network based on particle swarm optimization to achieve accurate mineral resource evaluation. This paper will try to reconstruct, optimize and quantify the different types of indicators in the evaluation indicators, and then use the simulation test experiments and index quantitative scores to train and test the BP neural network evaluation model. After verifying the performance of the model, the model will be used to evaluate new human-computer interaction systems. To this end, this paper intends to carry out the following research:
1) The optimization of the evaluation indicators;
2) The quantitative method for evaluation indicators;
3) The evaluation model based on machine learning neural network. Fig.1 shows the overall framework and ideas of the program. 
The Optimization Method of Evaluation Indicators
In actual experiments and interviews, we found that the words of the operator's performance evaluation of the human-computer interaction system are often vague and subjective, and involve a large amount of uncertain information, resulting in a wide variety of evaluation indicators. Therefore, we first need to sort, merge and optimize the evaluation indicators.
Considering the influence of various factors and taking into account the relevance and importance of various indicators, Fig.2 shows the optimization method of evaluation indicators. For the optimization of complex system evaluation indicators, the analysis process has obvious grayness due to the influence of subjective factors. Therefore, the correlation analysis of indicators uses gray correlation analysis method to compare the degree of similarity of curve sets to analyze the correlation of indicators. At the same time, considering that the optimization method of complex system indicators has great ambiguity, the importance of scheduling indicators is adopted by fuzzy analysis method, and each secondary index is removed. In the process of fuzzy analysis, a fuzzy evaluation matrix is established based on the evaluation indicators and the opinions of the experts. Finally, the importance of the evaluation index is determined according to the fuzzy evaluation matrix and membership function. We take the evaluation index of a human-computer interaction system as an example for analysis. Specific indicators are shown in Fig.3 .
Evaluation index

Effectiveness
Simplicity Easy to learn compatibility Aesthetic User control
Error adaptability
Adaptive Help ability Fig.3 The evaluation indicators of a human-computer interaction system.
The evaluation system lists nine indicators such as effectiveness, simplicity, and ease of learning. However, the relevance and importance of these nine indicators are still uncertain. The following three examples of effectiveness, simplicity, and easy learning are used for analysis. Effectiveness is related to the error rate of the occupant operation, the time occupied in the task, and the efficiency of use of various components of the system. Simplicity is related to the physical location of each component of the interface, the division of functional areas, and the number of operations performed by the user to complete system tasks. The ease of learning is related to the time required for the user to drop the error rate to a specific indicator, and the time required for the user to complete the system task is related to the time required for the user to know the system equipment, the operation process, and the command name to meet the specific requirements. In this way, we can easily find that the validity and easy learning have a strong correlation, and the simplicity of the system interface also greatly affects the effectiveness and easy learning. In order to find out the source of the problem, we have consolidated and optimized the above nine indicators according to the process shown in Fig.2 . After consulting experts in related fields, we verified five indicators including the use the frequency, importance, operational efficiency, relevance and uniformity as the evaluation indicators of the system.
The Quantification of Evaluation Indicators
After determining the evaluation indicators of the human-computer interaction, we need to quantify these five indicators.
The importance of the components and the frequency of use are the main principles affecting the layout of the interface. Quantifying these layout principles into the importance weight of the components indicates that their importance is a prerequisite for establishing an optimized mathematical model. In this study, the fuzzy analytic hierarchy process is used to quantify the The importance and frequency of use are directly related to the optimal viewpoint position coordinates in the layout space. The greater the importance of the component and the weight of the frequency of use, the closer the component should be to the middle of the view. It is proportional to the optimal viewpoint distance. The importance weight and the use frequency weight of component i are represented by Imi, Fri, respectively.
The sub-objective functions thus quantified according to the importance degree and the frequency of use design principles are:
Where C is a fixed constant and dip is the distance from component i to the best viewpoint p. The larger the value 1 ( , ) F X Y , 2 ( , ) F X Y , the more the layout conforms to the principle of importance and operating frequency.
The quantified formulas of several other indicators are as follows: A larger operand weight indicates that the component is preferentially operated during operation and the component should be placed away from the middle of the field of view. The operation order weight of component i is represented by , and the operation order sub-objective function is obtained as follows: 3 1 , )
Elements with a higher correlation value should be placed in close proximity when placed in a spatial position, such as functionally related elements should be placed in close proximity. The correlation coefficient of component i and component j is represented by Reij, and the component correlation sub-objective function is obtained as follows:
The larger value 4 ( , ) F X Y indicates that the layout is more consistent with the principle of relevance.
The interface is equally divided into m modules, the area of the component i is Si, and the area occupied by the component i in the module j is Sij, and the mean square error of the area occupied by each component in each module is calculated. The smaller the value is, the more uniform the component layout is. The corresponding objective function is obtained:
The smaller the value 5 ( , ) F X Y is, the more consistent the layout is.
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Where X= (X1, X2, … Xn), Y= (Y1, Y2, … Yn), the above six sub-objective functions are combined by a weighting method, thereby converting the multi-objective problem into a single-objective problem:
Where (j=1, 2, 3, 4, 5, 6) is the weight value of the sub-objective function, and the sub-goals can be weighted according to the specific situation to adjust the influence degree of various layout principles.
In this way, we can quantify each indicator by the fuzzy analytic hierarchy process in combination with known evaluation indicators. The problem is transformed into a constrained optimization problem, and the quantized evaluation index is fitted to the objective function. We can use the optimization algorithm to get some feasible solutions that meet the a priori evaluation indicators.
BP Neural Network Model
The nonlinear processing capability of BP neural network breaks through the limitations of existing evaluation methods in complex environments such as ambiguous, incomplete and contradictory information. Its self-learning ability greatly improves the memory and extraction ability of knowledge in the process of variable structure regulation. Through learning, BP neural network can extract the general principles contained in typical cases and complete the incomplete information. From the perspective of evaluation, the neural network can obtain intuitive thinking such as the experience, knowledge, and opinions on the importance of each target by learning the existing system and its evaluation results. Once used for evaluation, the BP neural network model can reproduce these experiences, knowledge and intuitive thinking, which not only reflects the subjective judgment of the human but also greatly reduces the influence of human factors in the evaluation process. Fig.4 shows the simulation evaluation process based on the BP neural network evaluation model. First, we screen the target users of the experiment. Users participating in the evaluation should include the designers of the system, experts in related fields, and relevant practitioners with rich practical experience. The total tester should be no less than six people. Secondly, we need to set up a test scenario and provide a realistic experimental test environment as much as possible. Then we ask the tester to complete the specified test task and record its test data, such as the operation sequence and completion time, number of errors, etc. Finally, the relevant testers are asked to fill out the questionnaire and comprehensively test the data and the results of the questionnaire to systematically score according to the specified scoring criteria. Fig.4 The plan of the system evaluation To obtain a robust and effective model, we selected 50 sets of previous versions of the design for simulation evaluation, where 40 sets of programs as the training set of the BP neural network evaluation model, and 10 sets of programs as the test set of the system evaluation effect. Our indicators are calculated and normalized as input data. The scores measured by the above experiments are used as output data. The weighting input of the neural network is determined by the learning rules. Then we will obtain an evaluation model based on the neural network. After the training is completed, the new human-computer interaction system interface design can be evaluated. Fig.5 shows a schematic of the above process. 
Conclusion
The rationality of the evaluation model of human-computer interaction system plays a decisive role in the efficiency and effect of human-computer interaction system optimization and iteration. In this paper, a method for evaluating the complex human-computer interaction system based on BP neural network is proposed. First, we carry out the optimization of the evaluation indicators and identify five key indicators in the design of the human-computer interaction system. Second, we establish a primary model by quantifying these evaluation indicators. Third, we propose the evaluation model based on BP neural network to evaluate our primary model. In the futher research, we will strive to obtain more effective data through simulation experiments to make the model more robust and more accurate.
